Ciliary neurotrophic factor-mediated signaling regulates neuronal versus glial differentiation of retinal stem cells/progenitors by concentration-dependent recruitment of mitogen-activated protein kinase and Janus kinase-signal transducer and activator of transcription pathways in conjunction with Notch signaling.
In the retina, as elsewhere in the central nervous system, neurogenesis precedes gliogenesis; that is, the only glia in the retina, Müller cells, are born when the majority of neurons have already been generated. However, our understanding of how the multipotent retinal stem cells/progenitors choose to differentiate along neuronal and glial lineages is unclear. This information is important in promoting directed differentiation of retinal stem cells/progenitors in an ex vivo or in vivo stem cell approach to treating degenerative retinal diseases. Here, using the neurosphere assay, we demonstrate that ciliary neurotrophic factor (CNTF), acting in a concentration-dependent manner, influences the simultaneous differentiation of retinal stem cells/progenitors into neurons or glia. At low CNTF concentrations differentiation of bipolar cells is promoted, whereas high CNTF concentrations facilitate Müller cell differentiation. The two concentrations of CNTF lead to differential activation of mitogen-activated protein kinase and Janus kinase-signal transducer and activator of transcription (Jak-STAT) pathways, with recruitment of the former and the latter for the differentiation of bipolar and Müller cells, respectively. The concentration-dependent recruitment of two disparate pathways toward neurogenesis and gliogenesis occurs in concert with Notch signaling. Furthermore, we demonstrate that the attenuation of Jak-STAT signaling along with Notch signaling facilitates the differentiation of retinal stem cells/progenitors along the rod photoreceptor lineage in vivo. Our observations posit CNTF-mediated signaling as a molecular switch for neuronal versus glial differentiation of retinal stem cells/progenitors and a molecular target for directed neuronal differentiation of retinal stem cells/progenitors as an approach to addressing degenerative changes in the retina. Disclosure of potential conflicts of interest is found at the end of this article.